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INTROOUCTICW 

Trichloro*thylttn*  (TCE)  has  oeen  associated  with  ground  water 
contaslnatlon  near  military  bases  where  it  has  been  used  in  degreasing 
operations.  Since  this  solvent  is  widely  used  in  industry  as  well,  it 
is  perhaps  the  most  pervasive  contasinant  of  ground  water  impacted  by 
hazardous  waste  sites. 

Compared  to  alternatives,  TCE  is  relatively  non-toxic.  It  is 
recognized  as  a  hepatotoxin,  but  only  at  doses  which  approximate 
hypnotic  and  lethal  doses.  Compared  to  its  predecessors  (e.g.  carbon 
tetrachloride  chloroform  and  Stoddard  solvent)  its  use  represents  a 
considerable  improvement  in  worker  shfety.  However,  there  is  evidence 
that  TCE  possesses  hepatocarcinogenic  activity.  Unlike  other 
toxicological  risks,  carcinogenic  risks  are  considered  to  be  without 
population  thresholds.  Thus,  any  non-zero  dose,  no  matter  how  small, 
is  thought  to  carry  a  finite  probability  of  producing  cancer. 

There  are  a  number  of  reasons  for  suspecting  that  the  activity  of 
TCE  as  a  hepatocarcinogen  does  not  conform  to  the  notion  that 
carcinogenic  effects  have  no  thresholds.  The  present  work  is  directed 
at  identifying  the  metebolites  of  TCE  thet  are  responsible  for  its 
hepatotoxic  effecta  and  to  determine  whether  these  effects  are  in  turn 
responsible  for  the  hepstocerclnogenicity  of  the  compound. 

Some  of  the  data  coming  from  this  pro3ect  has  been  published  or 
submitted  for  publication.  Where  this  has  been  the  case,  reference 
will  be  made  to  the  appropriate  manuscript.  These  manuscripts  are 
included  as  Appendix  to  this  report.  Included  are: 
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Raprlnt  of  paper  “Induction  of  atrand  braaka  in  DMA  by 
trichloroathy lana  and  aatabolltaa  in  rat  and  aouaa  liver  in  ylvs>" 
authored  by  H.A.  Nelaon  and  R.J.  Bull  and  publiahed  in  IS2SjLsfil29Z 
and  Applia^  Eb9£lSSSi29X  §9:45-54  lOBfi. 

Copy  of  aanuacript  “Dichloroacetic  acid  (DCA>  and  Trichloroacetic 
Acid  <TCA>  induced  DNA  atrand  braaka  occur  before  peroxieoae 
proliferation."  Authored  by  H.A.  Nalaon,  A.J.  Lanalng,  R.J.  Bull 
and  D.L.  Springer  and  aubaitted  to  Xfi2SlSfil99y  SDd  ACCliCd 
E&fi£B9fifilfi9X< 


METHODS 


Several  axperiaenta  have  been  conducted  with  trichloroethylene  and 
ita  aatabolltaa#  dichloroacetate  <DCA>  and  trichloroacetata  (TCA> . 

The  aethod  of  adainlatration  differa  aoaewhat  depending  upon  the 
duration  of  the  atudy.  In  acute  expoaurea  and  in  our  firat  ahort-tara 
atudlaa#  thaae  coapounda  were  adainiatered  by  gavage  diaaolved  or 
auapended  in  a  lx  Tween  80  in  water  vehicle.  In  thia  caae  all  aniaala 
were  adainiatered  a  conatant  voluae  of  drug  and  the  control  aniaala 
treated  with  an  equal  voluae  of  the  vehicle.  In  aubaequent  repeated 
doae  axperiaenta#  including  the  chronic  (12  aonth>  atudy  aniaala  have 
been  treated  with  the  cheaicala  diaaolved  in  drinking  water.  Theae 
axperiaenta  have  been  confined  to  dichloroacetic  and  trichloroacetic 
acida  at  concentrationa  of  1  or  2  g/L  and  neutrallxed  to  pH  7.0  -  7.5 
with  NaOH.  Control  aniaala  received  diatilled  water  aa  drinking 
water . 


Aniaala  uaad  in  theae  axperiaenta  were  aale  and  faaale  B6C3F1  nice 


or  aalo  Spraguo-Oawloy  rata.  In  tha  chronic  atudy,  thaaa  aniaala  wara 
bagun  on  traataant  batwaan  30  and  40  aaya  of  aga.  In  acuta  and 
ahortar  tara  axparlaanta  tha  aniaala  rangad  in  aga  froa  50  to  90  daya 
of  aga  at  tha  atart  of  thair  traataanta. 

To  avoid  confuaion  of  tha  varioua  axparlaanta  that  hava  baan  dona 
othar  aathodological  dataila  ara  daalt  with  aa  tha  raaulta  of  aach 
axpariaant  ia  praaantad. 


RESULTS  and  DISCUSSION 

UstcatifiliM  ISE  io  lisa  and  caia* 

During  tha  paat  yaar  wa  hava  coaplatad  atudlaa  of  tha  Influanca  of 
alcohol  on  tha  aatabollaa  of  TCE  in  tha  rat.  Tha  data  ahowing  tha 
tiaa  couraa  of  TCE  abaorption  and  aliaination  froa  tha  blood 
coapartaant  and  tha  appaaranca  and  diaappaaranca  of  tha  two  ot  TCE' a 
aatabolitaa  froa  thia  coapartaant  ia  ahown  in  Figura  1.  Each  group 
containad  aithar  5  or  6  aniaala. 

Aa  axpactad,  tha  concantrationa  of  TCE  in  tha  blood  of  rata 
Incraaaaa  with  doaa.  Ethanol  coadainiatration  at  aquiaolar  doaaa  haa 
littla  affact  on  thia  tiaa  couraa  at  low  doaaa,  but  aignif icantly  <P  < 
0.05)  dacraaaaa  tha  paak  concantrationa  of  TCE  achiavad  at  tha  high 
doaaa.  Conalatant  with  thia  raault  waa  a  tandancy  towards  a  prolongad 
raaidanca  of  TCE  within  tha  blood.  Tha  raaaon  for  tha  dacraasad  paak 
concantratlon  ia  not  claar,  but  tha  raault  waa  conalatant  with  an 
affact  of  athanol  on  TCE  abaorption.  It  should  ba  pointad  out  that 
tha  high  doaa  of  TCE  producas  profound  CNS  dapraaaion.  It  is  likaly 
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t-hat  athanol  incraaaaa  tha  dapth  of  this  dapraaalon  (no  attaapt  waa 
nada  t.o  quantltata  thla  affact)  .  It.  la  antlraly  poaalbla  that,  tha 
dacraaaa  in  absorption  could  ba  aacondary  to  pharmacological  affacta 
of  ethanol  on  intaatinal  motility  and/or  blood  flow  to  tha  amall 
intaatina . 

Coadminatration  of  athanol  did  not  affact  blood  tr ichloroathanol 
(TCEtOHy  concantrationa  aignf icantly .  However,  there  waa  a  tendency 
for  tha  hlgheat  doaa  of  athanol  to  increase  tha  concentration  of 
TCEtOH  24  hours  after  tha  administration  of  tha  chemicals.  This  more 
or  lass  parallels  tha  somewhat  greater  residence  time  of  TCE  in  tha 
body  whan  administered  with  22.8  mHol  athanol/kg.  It  is  important  to 
note  that  only  free  TCEtOH  was  measured  in  blood.  Since  TCEtOH  is 
efficiently  con3ugated  and  excreted,  this  figure  should  not  be  used  to 
3udge  the  relative  conversions  of  TCE  to  TCEtOH  and  TCA.  The 
conjugation  accounts  in  part  for  the  relative  insensitivity  of  TCEtOH 
concentrations  to  ethanol  coadministration. 

At  high  doses  of  TCE  and  ethanol,  ethanol  clearly  modifies  the 
early  production  of  trlchloroacetate  (TCA>.  The  concentrations  of  TCA 
in  blood  at  1,  2,  4,  8  and  12  hours  after  TCE  administration  are 
significantly  <P  <  0.05)  depressed  relative  to  the  concentrations 
observed  with  TCE  alone.  By  24  hours  the  concentrations  of  TCA  in 
blood  were  almost  identical  with  or  without  ethanol  coadmlnistration . 
At  lower  doses,  ethanol  had  no  consistent  effects  on  TCA  production  as 
measured  by  blood  concentrations  of  this  metabolite. 

Consistent  with  the  observations  in  blood,  ethanol  had  no 
significant  effects  on  TCEtOH  recovered  in  the  urine  over  a  72  hour 
period  (Figure  2> .  In  terms  of  TCEtOH  production,  saturation  of 
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••tabollsK  with  Increaaing  doaea  of  TC£  was  not.  evident  until  after 
the  doao  exceeda  4.6  nHol/kg.  However,  at  a  doae  of  22. B  aHol/kg  the 
fraction  of  the  TCE  doae  that  ia  recovered  aa  TCEtOH  la  reduced  to 
about  lOX,  compared  to  more  than  20x  at  the  lower  doaea. 

Ethanol  conaiatently  depreaaed  the  amounta  of  TCA  that  waa 
recovered  In  the  urine  of  rata  admlniatered  TCE  (Figure  3> .  Thla 
effect  waa  cbaerved  at  all  doaea,  but  waa  aomewhat  leaa  apparent  at 
the  intermediate  doae  than  at  the  low  and  high  doaea.  It  ia  notable 
that  the  fraction  of  the  TCE  doae  that  ia  recovered  aa  TCA 
progreaaively  decreaaea  throughout  the  doae  range  that  waa  utilized  in 
theme  atudiea.  Oeapite  the  fact  that  TCEtOH  and  TCA  are  derived  from 
a  common  intermediate  < trichloroacetaldehyde) ,  there  appeara  to  be  a 
differential  modification  of  their  production  with  high  doaea  of  TCE. 

Before  leaving  Figure  1,  it  ahould  be  noted  that  the  tine  to  peak 
concentrationa  of  TCEtOH  and  TCA  waa  progreaaively  delayed  aa  the  doae 
of  TCE  increaaea.  Peak  concentrationa  of  TCEtOH  waa  reached  between  1 
to  2  houra,  8  houra  and  12  houra  at  1.5,  4.6  and  22.8  mHol  TCE/kg, 
reapectively .  Peak  concentrationa  of  TCA  in  blood  were  achieved 
aomewhat  later;  between  4  to  8  houra,  12  houra  and  24  houra  at  the 
aame  reapective  doaea. 

A  better  appreciation  of  the  dynamica  of  TCE  netaboliam  at  high 
doaea  can  be  obtained  by  obaerving  the  effecta  of  increaaing  doae  on 
peak  concentrationa  and  area  under  the  blood  concentration-time  curvea 
(AUC)  for  TCE  and  TCA.  TCEtOH  la  eliminated  from  thia  table  becauae 
only  free  concentrationa  were  meaaured  in  blood.  Thia  compariaon 
ahowa  that  the  peak  concentration  of  TCE  in  blood  increaaea  linearly 
with  doae.  However,  the  AUC  increaaea  by  two-fold  when  the  doae  of 
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TCE  is  lncr«as*d  from  1.5  to  4.6  nHol/kg  and  1.64  times  when  increased 
from  4.6  to  22.8  »Hol/kg.  On  the  other  hand,  peak  concentrations  of 
TCA  were  increased  to  about  one-half  the  expected  value  with  each 
increase  in  dose,  but  the  AUC  was  not  affected  by  the  increase  between 
1.5  and  4.6  sMol/kg.  This  illustrates  that  even  when  metabolism  is 
beginning  to  become  saturated  <as  indicated  by  the  increased  AUC  for 
TCE> ,  that  the  increased  residence  time  of  the  chemical  in  the  body 
results  in  virtually  the  same  integrated  measure  of  exposure  for  TCA. 
This  does  not  hold  as  dose  continues  to  Increase,  however,  because  at 
the  transition  between  4.6  and  22.8  mHol/kg  the  AUC  for  TCA  falls 
short  of  that  would  be  expected  from  the  increase  in  dose. 

The  effects  of  ethanol  on  the  peak  concentration  of  TCE  was  clearly 
apparent  with  the  increase  in  dose  from  4.6  to  22.8  mMol/kg.  It 
decreased  the  peak  concentration  by  50k,  but  the  AUC  was  still 
increased  almost  two-fold.  A  somewhat  attennuated  Increase  in  peak 
concentration  when  the  dose  was  Increased  from  1.5  to  4.6  mMol/kg 
seems  to  have  resulted  primarily  from  an  elevated,  but  not 
significant,  level  of  TCE  observed  at  the  lowest  dose  rather  than  a 
genlune  effect  by  the  highest  dose  (see  figure  1>.  Nevertheless, 
ethanol  had  only  a  modest  effect  on  the  AUC  for  TCA. 

Table  2  indicates  that  the  TCEtOH/TCA  ratios  observed  in  the  urine 
were  clearly  modified  by  ethanol  coadministration.  Since  total  TCEtOH 
was  measured  in  urine,  this  is  the  best  measure  applied  to  determining 
whether  ethanol  coadministration  shifted  metabolism  of  TCE  away  from 
TCA  and  to  TCEtOH  as  hypothesized  in  our  original  proposal.  Ethanol 
Increased  this  ratio  at  all  doses  and  the  effect  was  statistically 
significant  by  ANOVA  (P  <  0.05).  These  data  demonstrate  that  the 
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not.lon  that  tha  coadainlatr ation  of  athanol  could  dlvart  aatabollaa  of 
TCE  away  from  TCA  to  TCEtCH  la  corract.  Unf ortunataiy ,  othar 
varlatlona  In  tha  aatabollaa  of  TCE  appaar  to  pravant  pradlctabla 
aodlflcatlon  of  tha  ayataalc  axpoaura  of  tha  rat  to  TCA.  Only  at 
axtraaaly  high  doaaa,  whara  aany  othar  factora  ara  at  play«  waa  a 
claar  dacraaaa  In  tha  ayataalc  axpoaura  to  TCA  daaonatratad  apparant 
In  tha  blood-concantratlon  curvaa.  Thla  aodlflcatlon  waa  tranalant 
and  would  nacaaaltata  rapaatad  adalnlatratlona  of  vary  high  doaaa  of 
alcohol  to  aodlfy  tha  AUC  for  TCA.  Conaaquantly ,  wa  hava  abandonad 
tha  original  notion  of  tha  grant  that  wa  could  uaa  athanol -Inducad 
aodlf Icatlona  of  TCE  aatabollaa  to  daaonatrata  tha  laportanca  of  TCA 
to  tha  hapatotoxlc  and  hapatocarclnoganlc  af facta  of  TCE.  Inataad  wa 
hava  takan  tha  approach  of  Idantlfylng  doaa-raaponaa  ralatlonahlpa 
Involvad  in  toxic  af facta  produced  by  dichloroacatlc  acid  <DCA>  and 
TCA  to  aaa  if  thalr  affacta  can  account  for  tha  affacta  of  TCE 
qualitatively  and  quantitatively. 

One  part  of  tha  effort  to  dataraina  tha  laportanca  of  DCA  and  TCA 
In  tha  production  of  hapatotoxlc  affacta  will  ba  to  develop  an 
integrated  aatiaata  <l.a.  AUC  curvaa)  of  tha  ayataalc  doaaa  DCA  and 
TCA  that  ara  achieved  with  tha  adalnlatratlon  of  TCE.  Our  data  In 
thla  area  ara  prallalnary,  aa  yet  only  Involving  tha  appearance  of  DCA 
and  TCA  In  tha  urlna  following  varying  doaaa  of  TCE  (Table  3) .  Thaaa 
data  clearly  ahow  that  a  larger  fraction  of  tha  TCE  adalnlatarad  la 
converted  to  TCEtOH  and  TCA  In  alee  than  In  rata  (Table  3  va.  Flguraa 
2  &  3) .  At  low  doaaa  of  TCE.  alee  converted  about  35k  of  tha  doaa  to 
TCEtOH  wharaaa  only  20k  waa  obaarvad  In  tha  rat.  Tha  convaralon  to 
TCA  la  aora  or  laaa  equivalent  in  tha  two  apaclaa  at  low  doaaa.  Thua. 
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th«  diffaranca  in  tha  axtant.  to  which  tha  two  apaciaa  aataboliza  TCE 


appaara  to  ba  aonawhat  laaa  than  rapox-tad  by  othar  invaatigatora .  Wa 
attributa  thia  to  tha  fact  that  aoat  of ton  prior  atudiaa  collactad 
urina  for  only  a  24  hour  pariod.  Whila  thia  ia  adaquata  at  low  doaaa, 
tha  longar  raaidanca  tiaa  of  TCE  and  ita  aatabolitaa  in  tha  blood  of 
rata  aakaa  urina  collaction  ovar  a  72  hour  pariod  nacaaaary  to  obtain 
coaplata  racovary  of  tha  aatabolitaa,  particularly  TCA. 

Contrary  to  tha  raporta  of  othar  ..nvaatigatora  thara  la  avidanca  of 
aaturation  of  TCE  aatabollaa  in  aica  at  aiailar  doaaa  aa  obaarvad  with 
rata.  Whila  tha  production  of  TCEtOH  ia  ralativaly  Inaanaitiva  to 
incraaaing  tha  doaaa  of  TCE  from  1.5  to  4.6  aMol/kg,  tha  fraction  of 
tha  doaa  convartad  to  TCA  la  alraady  ahowing  aigna  of  diainiahing  at 
thia  doaa. 

Wa  intand  to  aova  rapidly  in  docuaanting  tha  AUC  for  thaaa 
aatabolitaa  in  blood  in  tha  final  yaar  of  tha  grant.  Naw  aupport  from 
NIH  will  aaka  it  poaaibla  to  dataraina  tha  axtant  to  which  DCA  and  TCA 
ara  furthar  aatabolizad  in  aica  and  rata.  Thia  will  allow  a  aora 
praclaa  dataralnation  tha  doaa  of  aach  aatabolita  that  ia  ancountarad 
by  aach  apaciaa  following  axpoaura  to  TCE  and  will  aid  in  dataraining 
whathar  thaaa  aatabolitaa  account  for  all  of  tha  hapatotoxlc  and 
hapatocarcinoganic  af facta  of  TCE.  Currently  aval labia  avidanca 
auggaata  that  DCA  ia  axtanaivaly  aatabolizad,  a  fact  that  nay  account 
for  not  datacting  it  in  tha  blood  of  rata  in  thia  atudy.  Howavar,  DCA 
or  ita  aatabolitaa  nay  wall  ba  produced  in  algnlflcant  quantitlaa  in 
tha  liver. 
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SDd  tlSPa&9S9rfilQ99tQl£  iffSS&S  S£  SbrSQlc  TCA  aQd  DCA 

Icta&atQba* 

In  Tablaa  4  &  5  tha  af facta  of  DCA  and  TCA  on  llvar  walghta  of  aala 
and  faaala  B6C3F1  alca  aftar  Intarvala  of  traataant  that  vary  batwaan 
lb  waaka  and  52  waoka  ara  ahown.  It  la  claar  that  both  aaxaa  raapond 
to  DCA  by  llvar  anlargaaant.  Tha  af facta  of  DCA  ara  much  aora  aavara 
than  thoaa  of  TCA,  with  llvar  alxa  approaching  and  avantually 
axcaadlng  twica  tha  alza  obaarvad  In  tha  control  anlaala.  Although 
partially  ravaraad  by  12  aontha  If  traataant  la  taralnatad  aftar  9 
aontha  In  aala  alca,  tha  anlargad  llvar  producad  by  DCA  la  atlll 
avldant.  Tha  affact  of  both  coapounda  on  llvar  walght  la  claar ly  doaa 
ralatad  and  axcaada  tha  affact  of  phanobarbltal ,  Ineludad  in  tha 
axparlaant  aa  a  poaltlva  control. 

Prior  raporta  on  thia  projact  hava  datallad  tha  hiatologlcal 
af facta  that  aecoapany  tha  anlargad  11 vara  obaarvad  with  DCA 
adalnlatratlon  In  alca.  Paranchyaal  calla  bacoaa  graatly  anlargad  and 
angorgad  with  glycogan.  DCA  alao  producaa  nuaaroua  nacrotlc  laalona 
that  occur  locally  within  or  on  tha  aurfaca  of  tha  llvar.  Llvar 
anlargaaant  following  TCA  traataanta  la  aaaoclatad  with  only  aodaat 
inci'aaaaa  In  llvar  glycogan  contant  and  calla  that  appaar  only 
aarglnally  awollan.  Thara  aay  ba  occaalonal  nacrotlc  laalona,  but 
thay  ara  of  auch  low  fraquancy  It  la  difficult  to  dataralna  whathar 
thay  ara  traataant  ralatad. 

A  aaall  axparlaant  waa  atartad  aarly  In  our  pro3act  for  tha 
purpoaaa  of  davaloplng  tachnlquaa  for  Idantlfylng  anzyaa-altarad  foci 
In  llvar.  It  waa  conductad  In  tha  rat  utilizing  tha 


dlaithy J  nlt.ro»amln*/ph*nobarblt.a I  lnit.iat.lon/promot.lon  uaad  by  many 

i 

ot.har  lnvast.lgat.ora.  This  experinant  was  nevar  Intended  for  an 
evaluation  of  TCA  and  DCA  hepatot.cxiclty  In  the  rat,  however,  a  few 
rats  of  each  sex  were  treated  with  DCA  and  TCA  alone  at  concentrations 

i 

of  S  g/L  of  drinking  water.  Data  concerning  the  llver/body  weight  and 
kldney/body  weight  ratios  In  this  limited  experiment  are  provided  in 
Table  6.  Even  from  this  limited  amount  of  data  It  Is  relatively  clear 

i 

that  the  results  obtained  In  rats  more  or  less  parallel  the  results 
obtained  In  mice  In  terms  of  the  hypertrophy  produced.  DCA  induces  a 
greatly  enlarged  liver,  whereas  the  effect  of  TCA  is  much  more  modest. 

I 

In  the  case  of  TCA,  the  effect  was  not  statistically  different  from 
the  ratio  observed  in  control  animals.  The  effect  of  DCA  was  observed 
as  an  absolute  Increase  in  liver  weight,  but  the  number  of  animals  of 

i 

each  sex  included  in  each  treatment  group  is  too  small  to  make  a  valid 
statistical  comparison  (liver  weights  of  males  and  females  are  quite 
different  although  the  ratios  to  body  weight  are  similar).  It  is  ^ 

notable  that  the  kidney/body  weight  ratio  is  also  significantly 
Increased  by  treatment  with  DCA.  This  was  not  reflected  in  the 
absolute  kidney  weights. 

I 

The  ability  of  these  compounds  to  induce  single  strand  breaks  <SSB> 
in  hepatic  DMA  following  single  oral  doses  has  been  previously 
reported.  Although  we  have  demonstrated  that  both  DCA  and  TCA  are 
capable  of  inducing  peroxisome  synthesis  in  the  liver  of  B6C3F1  mice, 
the  Induction  of  single  strand  breaks  in  DNA  was  found  to  be 
independent  of  this  phenomena.  The  results  of  these  experiments  sre 
detailed  in  the  two  papers  attached  as  an  appendix  to  this  report. 

As  previously  reported  the  examination  of  the  livers  of  mice  for 
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•nzyittt  alt.ttr*d  £oci  ac  15  and  24  weeka  of  expoaura  muda  claar  that  a 
high  fraquancy  of  auch  laalona  were  not  going  to  be  apparent  In  DCA 
and  TCA-traatad  aica.  Coaplete  aectioning  of  the  left  lateral  lobe  of 
alee  treated  with  2  g/L  DCA  revealed  tha  preaance  of  4  basophilic  and 
glycogen-poor  foci  in  5  sice  at  24  weeka  of  traataent  and  8  in  5  aica 
at  37  weeka.  Such  foci  were  not  observed  in  control  aniaala,  aniaala 
treated  with  TCA  at  2  g/L  ot*  phenobarbital  at  O.S  g/L.  Givan  this 
observation  it  was  decided  to  continue  the  experiaenta  with  each 
coapound  until  12  aontha  to  exaalna  tuaor  developaent  under  three 
circuaatancea : 

11  aniaala  to  be  treated  continuously  at  a  dose  of  1  g/L 

24  aniaala  to  be  treated  continuously  with  a  dose  of  2  g/L 

11  aniaala  to  be  treated  for  36  weeka  at  a  dose  of  2  g/L  and 

traataent  suspended  for  the  remainder  of  the  12  months. 

The  rationale  behind  this  experiment  was  that  if  tumorigenesis  had 
progressed  to  the  point  of  irreversibility,  the  tumorigenic  response 
observed  at  12  months  should  be  directly  related  to  the  total  doae 
received.  If  the  response  la  still  at  a  reversible  stage  the  response 
in  the  group  treated  for  only  9  months  should  be  leas  than  that 
predicted  by  tha  two  doses  continued  for  12  months. 

Table  7  summarizes  the  results  of  the  experiment  testing  the 
tumorigenlcity  of  DCA  and  TCA.  Control  animals  were  found  to  have  a 
relatively  low  incidence  of  hepatic  tumors,  5  animals  having  one  tumor 
each  in  a  population  of  35  animals.  DCA  induced  2  tumors  in  11 
animals  at  1  g/L.  This  response  was  sharply  increased  by  simply 
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doubling  t.h«  dono  t.o  2  g/L  whero  23  o£  24  anlnalm  wara  found  t.o  hava 
hapatlc  tuaora.  At  this  higher  doaa  the  multiplicity  of  tumora  In 
each  animal  greatly  Incraaaad  much  that  the  average  tumor  yield  In 
thla  ^oup  waa  3.8  tumora  per  animal.  Seventy-three  percent  of  the 
mice  that  were  treated  with  OCA  at  2  g/L  for  9  montha  developed 
hepatic  tumora  with  an  average  of  2.2  tumora  per  animal.  WhlJe  TCA 
produced  a  45x  Incidence  of  tumora  at  a  dome  of  1  g/L,  the  Increaaed 
tumor  yield  at  2  g/L  waa  conalderably  leaa  than  obaerved  with  OCA, 
averaging  only  1.2  tumora  per  animal.  Tumor  ylelda  when  TCA  waa 
admlnlatered  at  2  g/L  for  9  montha  were  leaa  than  obaerved  at  a  doae 
of  1  g/L  for  12  montha.  Therefore,  the  tumor  yield  la  conalderably 
lower  than  would  be  predicted  If  the  effecta  of  TCA  had  progreaaed  to 
an  Irreveralble  atage  after  9  montha  of  treatment.  Phenobarbltal ,  an 
eatabllahed  hepatic  tumor  promoter,  did  not  Increase  tumor  yield 
relative  to  control  with  12  montha  of  continuous  treatment  at  0.5  g/L 

In  sharp  contrast  with  results  obtained  in  male  B6C3F1  mice, 
treatment  of  females  with  2  g/L  TCA  or  DCA  for  a  period  of  12  months 
did  not  Increase  the  Incidence  of  hepatic  tumors  (Table  8> . 

H9BS£:iS  EfilBSQlSS  &S  abfiC&Z&fiHB  £9B9SbSd  9SBSSU£9l  %a  QQA  9Qd  XS& 

The  reaulta  obtained  from  the  chronic  study  has  prompted  us  to 
examine  the  effecta  DCA  and  TCA  have  on  the  liver  in  shorter  term 
experiments.  Establishing  a  shorter  tern  model  will  facilitate 
Investigation  of  the  mechanisms  that  might  be  responsible  for  the 
hepatotoxic  and  hapatocarclnogenic  effects  of  these  compounds. 

A  10-day  experiment  in  which  TCA  and  OCA  were  administered  by 


9avag«  In  a  IX  Twaan  dO  In  water  vahicia  was  used  to  establish  that 
both  OCA  and  TCA  ware  capable  of  atisulatlng  the  synthesis  of  hepatic 
peroxlsoses.  We  also  found  that  this  response  occured  such  after  the 
Induction  of  single  strand  breaks  In  hepatic  DMA  In  B6C3F1  sice.  The 
results  of  these  experlsents  are  detailed  In  the  sanuscript  Included 
In  the  appendix. 

Table  9  provides  data  on  liver  weights  and  liver  to  body  weight 

ratios  of  two  additional  experlsents  Involving  adslnlstratlon  of 

varying  doses  of  OCA  and  TCA  in  drinking  water.  The  first  experlsent 

was  a  10  day  experlsent  conducted  only  with  OCA,  whereas  the  second 

experlsent  was  continued  for  a  14  day  period.  Water  consusption 

varied  between  the  two  experlsents,  so  the  calculated  doses  per  unit 

body  weight  are  provided  to  allow  cospar Ison  of  the  results.  In  the 

case  of  OCA  dose-related  Increases  In  liver  size  were  observed  at 

doses  of  Idl  sg/Kg  and  above.  In  the  two  experlsents  liver  weight  was 

Increased  by  33  to  SOX  at  doses  approxlsatlng  300  sg/kg.  While  there 

Is  a  tendency  for  liver  weight  to  be  Increased  In  anlsals  treated  with 

TCA,  this  Increase  was  not  statistically  significant  with  the  Halted 

nuaber  of  anlsals  utilized.  In  fact,  the  greater  liver  weight 

observed  at  the  300  sg/L  dose  was  strictly  attributable  to  one  anlsal 

with  a  very  large  liver  as  la  apparent  fros  the  large  SEN.  In  the  14 

day  experlsent  it  was  necessary  to  ellslnate  one  control  anlsal  fros 

the  table  because  It  had  been  Injected  directly  In  the  liver  with 
3 

H-thysidlne  (anlsals  In  this  experlsent  are  being  examined  for 
evidence  of  Increased  cell  division  In  the  liver  following  DCA  and  TCA 
treatsents) .  An  anlsal  In  the  group  receiving  the  high  dose  of  TCA 
was  ellslnated  because  of  Its  very  ssall  size  before  the  experlsent 
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started 


Histological  a«cti.ons  o£  the  livers  from  the  animals  in  the  above 
experiments  have  been  examined  (data  not  shown) .  In  both  experiments 
the  enlarged  cell  size  that  was  associated  with  increased  glycogen 
content  in  the  chronic  study  was  already  evident  in  animals  treated 
with  1  or  2  g  DCA/L.  However,  the  Intensity  of  the  effect  was  not 
as  severe  as  was  observed  in  the  chronic  study.  Nice  receiving  these 
treatments  also  displayed  a  lesion  that  was  frequently  apparent 
grossly  as  a  white  streaking  on  the  surface  of  the  liver.  Zn 
cross-section  the  streaks  corresponded  to  multiple  focal  necrotic 
areas  on  the  borders  of  liver  sections.  Such  lesions  were  also 
observed  in  the  interior  of  the  liver.  The  frequency  of  these  lesions 
is  such  at  every  sacrifice  time  that  has  been  made  during  the  course 
of  both  short  and  long  term  studies  that  there  is  little  doubt  that 
the  production  and  healing  these  lesions  is  a  continuous  process  in 
animals  treated  with  doses  of  DCA  above  180  mg/kg.  These  lesions  have 
not  yet  been  observed  in  TCA-treated  animals,  but  a  systematic 
examination  of  slides  has  yet  to  be  intiated.  Thus,  it  is  not 
possible  to  exclude  the  possibility  that  a  low  frequency  of  such 
lesions  might  be  observed.  It  is  nevertheless  clear  that  the 
frequency  and  severity  of  these  lesions  is  much  greater  in  DCA-treated 
animals  than  TCA-treated  animals.  These  lesions  were  not  apparent  in 
control  animals. 
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Figure  4  provides  a  cosparlson  of  the  dose-response  relationships 
for  the  Induction  of  single  strand  breaks  (SSB)  in  hepatic  DNA  of  sale 
B6C3F1  sice  following  a  single  oral  doses  of  DCA  or  TCA  with  the 
calculated  dally  doses  required  for  tusor  Induction.  This  cosparlson 
showed  that  the  Induction  of  SSB  occurs  at  doses  such  lower  than 
required  for  tusor  Induction.  TCA  la  the  sore  potent  Inducer  of 
strand  breekb  and  at  the  low  dose  appears  to  be  the  sore  potent 
carcinogen.  However,  a  alaple  doubling  of  the  dose  of  DCA  sharply 
Increased  the  yield  of  hepatic  tusors,  while  Increasing  the  dose  of 
TCA  accordingly  resulted  In  a  sore  sodest  Increase  In  tusor  yield. 

This  difference  In  the  dose-response  characteristics  of  the 
tusorlgenic  responses  to  these  two  closely  related  cospounda  sake  it 
apparent  that  there  are  real  differences  in  the  sechanisss  by  which 
they  produce  hepatic  tusors  in  sice. 

One  possible  basis  for  this  difference  Is  seen  In  Figure  5  where 
the  dose-response  relationship  of  liver  hypertrophy  Is  compared  to  the 
tusorlgenic  responses.  The  range  of  doses  of  DCA  which  produce  the 
hypertrophic  response  and  necrotic  lesions  In  the  14  day  study 
previously  described  correspond  closely  to  the  dally  doses  in  which 
the  sharp  upturn  in  the  tusorlgenic  response  Is  observed  in  chronic 
studies. 

The  difference  in  the  reversibility  of  the  tusorlgenic  responses 
referred  to  earlier  is  graphically  presented  In  Figure  6  as  a  reslnder 
of  differences  In  the  tusorlgenic  responses  to  these  cospounds.  In 


th«  ca««  of  OCA  th«  tuaorlgnnic  raspona*  waa  direct.!/  proportional  to 
the  total  doaa  conauaed  daapite  the  fact  that  the  intaraediata  doaa 
waa  given  over  a  9  aonth  rather  than  a  12  aonth  period.  Converaely, 
the  reaponae  to  TCA  waa  leaa  than  would  be  expected  by  the  total  doaa 
conauaed  in  thia  9  aonth  period.  Aa  aentioned  previoualy,  by  nine 
aontha  a  low  frequency  of  baaophilic  and  glycogen-poor  foci  are 
apparent  in  anlaala  treated  with  2  g  DCA/L  and  much  leaiona  are  abaent 
froa  TCA-treated  aniaala.  The  atalning  propertlea  of  the  tuaora 
produced  aatch  thoae  of  the  foci.  Therefore,  theae  leaiona  have  a 
very  high  probability  of  progreaalng  to  tuaora  and  have  propertlea 
aiallar  to  the  late  hepatic  nodulea  deacribed  by  Farber.  The 
reveralbility  of  TCA'a  effecta  after  9  aontha  aay  be  related  to  the 
fact  that  theae  foci  had  not  yet  appeared. 

It  la  alao  reaarkable  that  both  DCA  and  TCA  failed  to  induce 
hepatic  tuaora  in  feaale  B6C3F1  alee  after  receiving  the  aaae  doaea  aa 
aale  aniaala.  Liver  hypertrophy  and  necrotic  leaiona  are  produced  to 
a  aiallar  extent  in  feaale  aice  aa  in  aale  alee.  Thia  difference  in 
reaponae  between  the  aexea  appeara  directly  related  to  the  aubatantial 
differencea  in  the  apontaneoua  rate  of  hepatic  tuaor  developaent  in 
thia  atrain.  Feaale  B6C3F1  aice  have  had  approxiaately  5k  background 
incidence  in  NTP  experience  whereaa  the  aale  incidence  uaually  exceeda 
25k.  Thia  obaervatlon  aupporta  the  notion  that  DCA  and  TCA  aiaply 
atiaulate  the  growth  of  apontaneoualy  initiated  tuaora  in  thia  hybrid 
aouae. 

Baaed  on  the  appearance  of  baaophilic  and  glycogen-poor  foci  aa 
early  aa  24  aontha  after  beginning  treataent  with  DCA  and  the  apparent 
irreveraibility  of  the  tuaor igenic  effect  after  9  aontha  we  propoae 


that.  OCA  acta  by  accalaratlng  tuaor  prograaaion.  Tha  ability  of  DCA 
to  induca  localizad  nacroaia  and  a  aavara  livar  hypartrophy  at  high 
doaaa  appaara  to  ba  at  laaat  partially  raaponaibla  for  tha  aora  rapid 
prograaaion  to  tuaor  ralativa  to  TCA. 

WORK  PLANNED  FOR  THE  THIRD  YEAR 

Tha  final  yaar  of  tha  grant  will  ba  apant  on  tha  following 
activitiaa: 

1 .  Coaplata  hiatological  diagnoaia  of  hapatic  tuaora  induead  in 
tha  chronic  atudy. 

2.  Charactariza  tha  non-tuaor  hiatology  of  livara  froa  aniaala 
raaovad  froa  traataanta  of  DCA  and  TCA  at  9  aontha. 

3.  Prapara  and  aubait  a  aanuacript  on  tha  raaulta  of  tha  chronic 
atudy . 

4.  Coaplata  atudy  of  TCE  aataboliaa  in  B6C3F1  aica  to  quantify  tha 
ayataaic  axpoaura  to  DCA  and  TCA.  Thaaa  aatiaataa  will  ba  uaad 
to  -dataraina  whathar  aufficiant  quantitiaa  of  thaaa  aatabolitaa 
ara  foraad  to  account  for  tha  hapatotoxic  and 
hapatocarcinoganic  af facta  of  TCE.  Thaaa  aatiaataa  will  ba 
facilitatad  by  tha  purchaaa  of  ^^C-labalad  DCA  and  TCA  aada 
poaaibla  by  racaipt  of  a  grant  froa  NIH. 

5.  Charactariza  tha  toxic  af facta  raaulting  froa  ahortar  tara 
traataanta  (i.a.  14  day>  with  DCA  and  TCA.  Thaaa  axpariaanta 
will  includa: 

a.  Eatabliah  doaa-raaponaa  ralationahipa  for  induction  of 
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cttllular  hypart-rophy ,  lnduct.lon  of  callular  hyparfrophy  and 
induction  of  nacrotic  laaiona. 

b.  Eatabliah  tha  pattarn  and  axtant  of  DCA  and  TCA-inducad  call 

diviaion  in  tha  livar  at  varying  doaaa  uaing 

3 

autoradiographic  dataction  of  H-thyaidina  incorporation  aa 

a  aaaaura. 

c.  Daaign  and  conduct  axpariaatna  to  dif f arantiata  a 
ganaralizad  aitoganic  affact  and  localizad  call  diviaion 
raaulting  froa  raparatlva  hyparplaaia  aaaociatad  with  focal 
nacrotic  laaiona. 

6.  Dataraina  whathar  aitoganic  af facta  of  DCA  and  TCA  can  ba 
aaaociatad  with  Incraaaad  axpraaaion  of  protooncoganaa  (raa, 
aye  and  foa) . 

7.  Dataraina  whathar  DCA  or  TCA  ia  capabla  of  acting  aa  a 
claatoganic  agant  in  CHO  calla  and  conflraing,  if  indicatad  in 
priaary  hapatocyta  culturaa. 

8.  Dataraina  if  SSB  Inducad  by  DCA  and  TCA  raault  froa  diract  or 
Indlract  intaractiona  with  DNA. 

9.  Prapara  and  aubalt  at  laaat  ona  aanuacript  daacrlblng  tha 
abort- tara  af facta  of  DCA  and  TCA  on  tha  livar. 
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Figur*  2.  Effect,  of  tho  doso  of  trlchloroothylono  <TCE)  and  athanol 
coadniniatratlon  on  tha  racovary  of  total  trlchloroathanoi  <TCEtOH)  In 
tha  urina  of  aala  Spragua-Oawlay  rata. 
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Figurtt  3.  Effect  of  tho  doso  of  trichloroethylene  <TCE>  and  ethanol 
coadalnlatration  on  the  recovery  of  trlehloroacetate  (TCA)  In  the  urine 
of  male  Sprague-Dawley  rata. 


Tabltt  1.  Th«  affact  of  doa«  and  at-hanol  coadainlatratlon  on  tha  aaount.a 
of  trlchloroathylana  <TCE>  and  trichloroacatata  (TCA>  in  tha  blood  of 
aala  Spragua-Oawlay  rata. 

TCE  TCA 


Doaa  ranga 
aNol/kg 

in  TCE  Doaa 

paak  Cone. 

in  AUC 

paak  Cone. 

in  AUC 

1  .S  to 

3.0 

3.2 

6.4 

1.7 

2.8 

4.6  TCE 

4.5  to 

5.0 

4.7 

8.2 

2.4 

2.8 

22.8  TCE 

1.5  to  4.6 

3.0 

2.0 

4.9 

2.4 

2.6 

TCE  '*■  Ethanol 

4.6  to  22.8 

5.0 

2.5 

9.1 

2.0 

2.6 

TCE  Ethanol 


Tabla  2.  Tha  affact  of  TCE  doaa  and  athanol  coadainlatratlon  on  tha 
ratio  of  total  trichloroathanol  <TCEtOH>  and  trichloroacatata  <TCA> 
racovarad  in  urina. 

TCEtOH/TCA 


Doaa  of  TCE 
aMol/kg 

Without 

Ethanol 

With 

Ethanol 

1.5 

4.8  ♦ 

0.5 

6.5 

♦  1.0 

4.6 

6.2  1 

1.1 

7.3 

♦  1.1 

22.8 

4.9  ♦ 

0.4 

7.2 

♦  0.5 

Tabla  3.  Racovary  of  total  trichloroathanol  (TCEtOH)  and 
trichloroacatic  <TCA)  in  72  hour  urinaa  of  B6C3F1  alca  traatad  with 
varying  doaaa  of  trlchloroathylana  <TCE> . 


Doaa  of  TCE 

Total 

Fraction 

Fraction 

aNol/kg 

TCEtOH 

of  TCE 

doaa 

TCA 

of  TCE 

doaa 

1.5 

0.49  ♦  0.01* 

0.32  ♦ 

0.01 

0.10 

♦ 

0.05* 

0.057  ♦ 

0.017 

4.6 

1.74  ♦  0.34 

0.35  ♦ 

0.07 

0.17 

♦ 

0.03 

0.038  * 

0.003 

15.2 

3.60  ♦  0.82 

0.24  ♦ 

0.05 

0.35 

4- 

0.14 

0.023  t 

0.009 

*  valuaa  axpraaaad  in  aMol/kg  body  waight  *  SEN  of  3  or  5  aniaala/group 


T«bl«  4.  Effttct-a  of  dichloroacotic  and  trichloroacatic  acida  on  llvar 
walght  of  mala  B6C3F1  aica. 

Livar  walght 

Compound  9  x  of  body  waight 
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Control  <0iat.  H.O) 

1.06 

♦ 

0.05 

3.2 

♦ 

0.1 

Phanobarbital  0.5  g/L 

1.34 

♦ 

0.16“ 

4.2 

♦ 

0.4 

Diehloroacatata  2  g/L 

i.eo 

♦ 

0.15 

5.6 

♦ 

0.3“ 

Trichloroacatata  2  g/L 

1.34 

0.09“ 

4.1 

♦ 

0.1“ 

21  Slthl 

Control 

1.06 

♦ 

0.04^ 

2.6 

♦ 

0.2, 

Phanobarbital  0.5  g/L 

1.24 

♦ 

0.04“ 

3.7 

♦ 

0.1 

Diehloroacatata  2  g/L 

1.78 

0.07“ 

5.4 

♦ 

Trichloroacatata  2  g/L 

1.44 

♦ 

0.05“ 

4.2 

♦ 

0.1 

3Z  KBBllB 

Control 

1.56 

4> 

0.06 

4.1 

♦ 

0.3 

Phanobarbital  0.5  g/L 

2.14 

♦ 

0.15“ 

6.0 

♦ 

0.4* 

Diehloroacatata  2  g/L 

2.50 

4> 

0.11“ 

7.3 

♦ 

0.2, 

Trichloroacatata  2  g/L 

1.90 

♦ 

0.05“  • 

5.1 

♦ 

0.1 

92  EBtlSl 

Control 

1.7 

♦ 

0.1. 

4.6 

♦ 

0.1_ 

Phanobarbital  0.5  g/L 

2.0 

♦ 

0.1 

5.6 

♦ 

0.2. 

Diehloroacatata  1  g/L  12  aontha 

2.5 

♦ 

0.1“ 

6.5 

♦ 

0.2. 

2  g/L  12  aontha 

5.1 

♦ 

0.1 

10.5 

♦ 

0.4 

2  g/L  9  aontha 

2.2 

♦ 

0.1* 

5.7 

♦ 

0.3* 

Trichloroacatata  1  g/L  12  aontha 

2.2 

♦ 

0.1. 

6.0 

♦ 

0*3- 

2  g/L  12  aontha 

2.7 

♦ 

0.1 

7.5 

♦ 

0.5 

2  g/L  9  aontha 

1.9 

♦ 

B  • 

0.1 

5.4 

♦ 

BBI 

0.2 

•  S'tat.lat.lcally  diffarant  froa  corraapondlng  nagat.iva  control  P  i  0.05, 
by  Studant'a  t-taat.  N  ■  5  at.  15,  24  and  37  waaka  and  la  althar  11 
or  24  at  52  waaka. 


Tabla  5.  Effact  of  traating  faaala  B6C3F1  mica  with  diehloroacatata 
(0CA>  and  trichloroacatata  <TCA>  for  ona  yaar  on  llvar  walght. 


Traataant 

N 

Llvar 

walght 

K  of  body 
walght 

Diatlllad  Watar 

10 

1.31 

♦  0.06 

4.8  1  0.3 

Diehloroacatata  2  g/L 

10 

2.61 

i  0.05 

9.0  ♦  0.2 

Trichloroacatata  2  g/L 

10 

1.69 

1  0.06 

6.0  *  0.3 

Phanobarbital  0.5  g/L 

10 

1.43 

♦  0.03 

5.4  t  0.2 

Tabltt  6.  Effact  of  chronic  traataant.  (12  aontha)  with  dlchloroacatata 
<DCA>  and  trlchloroacahata  (TCA)  In  drinking  watar  on  tha  ratloa  of 
llvar/body  walght  and  kldnay/body  walght  ratloa  In  Spragua-Dawlay  rata 


Traataant  N  body  wt  body  wt. 

Control  4®  4.0  ♦  0.4  0.91  ♦  0.01 

DCA  5000  ag/L  5  7.2  ♦  0.4  1.12  ♦  0.04 

TCA  5000  ag/L  6  4.2  ♦  0.3  0.94  ♦  0.06 


Data  Includaa  both  aala  and  faaala  rata  in  aach  group.  Split  la  2 
and  2  in  control,  2  aalaa  and  3  faaalaa  in  DCA-traatad  and  4  aalaa 
and  2  faaalaa  in  TCA-traatad  anlaala. 


Tabla  7.  Induction  of  hapatlc  tuaora  In  tha  aala  B6C3F1  alca  by 
dlchloroacatata  and  tr Ichloroacatata  In  drinking  watar. 


Traataant 

24  waaka 

37  waaka 

52  waaka 

Control  (Dlat.  HO) 

«  alca  with  tuaora  (k) 

0/5  <0) 

0/5  (0) 

5/35 

(14> 

Avg.  #  tuaora/aouaa 

0 

0 

0.14 

Dlchloroacatata 

1 

#  alca  with  tuaora 

ND 

ND 

2/11 

(18) 

Avg.  #  tuaora/aouaa 

0.27 

2  9/L 

#  alca  with  tuawa 

0/5 

0/5 

23/24 

(96) 

Avg.  #  tuaora/aouaa 

O 

0 

3.83 

2  SlU  3  BfiDfcbl 

#  alca  with  tuaora 

NO 

ND 

8/11 

(73) 

Avg.  #  tuaora/aouaa 

2.18 

Tr Ichloroacatata  2  g/L 

1  9ZL 

#  alca  with  tuaora 

ND 

ND 

5/11 

(45) 

Avg.  #  tuaora/aouaa 

0.84 

2  9/L 

#  alca  with  tuaora 

0/5 

1/5 

19/24 

(79) 

Avg.  #  tuaora/aouaa 

O 

0.2 

1.25 

2  9/k  S  BCD&bft 

#  alca  with  tuaora 

ND 

ND 

4/11 

(36) 

Avg.  #  tuaora/aouaa 

0.45 

Phanobarbltal  0.5  g/L 

- 

#  alca  with  tuaora 

0/5 

0/5 

1/24 

(4) 

Avg.  #  tuaora/aouaa 

0 

0 

0.04 

Tablft  8.  Incidancft  of  n*opla«»A  in  famal*  B&C3F1  mica  traatad  with 
dichloroacatata  or  trichloroacatat-a  in  drinking  watar  for  1  yaar. 


Traataant 

N 

Anlaala  with 
hapatic  tuaora 

Ho. 

par 

naoplaaaa 
aniaal . 

Dlatillad  watar 

10 

2 

0.2 

Dichldroacatata  2 

g/L 

10 

0 

0 

Trichloroacatata  : 

2  g/L 

10 

0 

0 

Phanobarbital  O.S 

g/L 

10 

1 

0.1 

Tabla  9.  Effact.  of  abort.  t.ara  (iO  or  14  day)  axpoauraa  to 
dichioroacatata  (DCA)  or  trichloroacatata  (TCA)  in  drinking  watar  on 
livar  waight  in  mala  B6C3F1  mica. 

Livar  waight 

Traataant  atg/ltS  N  Livar  Waight  aa  *t  body  wt. 
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dax 

9aB9ElB8&& 

Control 

0 

4 

1.5  ♦ 

0.03 

5.7 

♦ 

0.2 

OCA 

100 

ag/L 

31 

4 

1.5  ♦ 

0.14 

5.4 

♦ 

0.3 

300 

87 

4 

1.6  ♦ 

0.10^ 

6.1 

♦ 

0.3 

1000 

289 

4 

1.8  ♦ 

0.03^ 

6.7 

♦ 

o.i; 

2000 

370 

4 

2.0  t 

0.09 

7.5 

♦ 

0.1 

11 

dax 

aaBaElBBDt. 

Control 

0 

7 

1.3  ♦ 

0.07 

4.9 

♦ 

0.2 

DCA 

300 

ag/L 

55 

4 

1.3  ♦ 

0.08, 

4.9 

♦ 

0.3 

lOOO 

181 

4 

1.7  1 

0.16, 

5.9 

♦ 

0.4 

2000 

321 

4 

1.9  ♦ 

0.05 

7.6 

♦ 

0.1 

TCA 

300 

ag/L 

67 

4 

1.5  ♦ 

0.17 

5.8 

♦ 

0.7 

lOOO 

207 

4 

1.4  i 

0.06 

5.4 

♦ 

0.3 

2000 

356 

3 

1.4  1 

0.05 

5.5 

♦ 

0.2 

•  Significantly  diffarant  from  concurrant  control  •  P  <  0.05 


Fraction  DNA  Unwound  /  2hr 


6.0  r 


5.0 


4.0 


3.0 


2.0 


1.0 


I 


Single  Strand  Break 
■  Control 
o  Dichloroacetate 
•  Trichloroacetate 

Tuntor  Data 
o  Control 
^  Dichloroacetate 
*■  Trichloroacetate 


- 1 - 1 - 1_ 

0  0.001  0.01  0.10 


t6.0 


t 


5.0 


4.0 


3.0 


2.0 


1.0 


1.0  10.0 

Dose  (mmol/Kg  or  mmol/Kg  per  day) 


Flgur*  4.  Th«  r^latloiiAhlp  bttt.w»*n  t.h*  slngl*  dostts  o£  TCA  and  DCA 
r*quir*d  to  indues  singlo  strand  brssks  in  ths  hspstie  DNA  of  ssls 
B6C3F1  sics  in  Yiyg  and  ths  daily  dossa  giving  rias  to  hspatic  tusora  in 
•  sonth  atudy.  Ths  sf facts  on  aingls  strand  brsaka  was  obssrvsd  4 
hours  aftsr  a  aingls  doas  adniniatsrsd  by  gavags  in  a  1*  Twssn  80  in 
watsr  vshiels.  DCA  and  TCA  wars  adniniatsrsd  in  ths  drinking  watsr  for 
^Ns  chronic  atudy  *  Ths  doasa  indicatsd  ars  corrsetsd  for  %#atsr 
consumption  and  normal izsd  to  body  wsight. 


#Tumors  /  Mouse 


#Tumors  /  Mouse  Liver  /  Body  Wt.  Ratio 


■  Control 
o  Dichloroacetate 
•  Trichloroacetate 


□  Control 
Dichloroacetate 
A  Trichloroacetate 


Dose  (mmol/Kg  or  mmol/Kg  per  day) 

Flgur*  5.  Th*  relationship  of  tuaor  Induction  by  DCA  and  TCA  in  aala 
B6C3P1  aiea  in  a  12  aonth  study  and  tha  production  of  livar  hypertrophy 
in  a  14  day  study.  In  both  cases  .;Jx>k-'.pounda  ware  adainiatarad  in 
drinking  water  at  concentrations  o:'  1  and  2  g/L.  Tha  doses  indicated 
are  corrected  for  drinking  water  consuaption  and  are  noraalized  to  body 


#Tumors  /  Mouse 


Dose  (mmol/Kg) 


[  Figur*  6.  Th*  rav^rsibllity  of  tho  t-unorigonlc  offoet.*  of  DCA  and  TCA 

P  in  B6C3F1  Rico.  Doooo  oro  oxprooood  ••  tho  total  doaa  conauaod  by 

^  tho  aniaala  in  aach  group.  In  aach  curva  tha  loaaat  and  hlghaat  doaa 

raaultad  from  conauaptlon  of  drinking  watar  containing  1  or  2  g/L  of 
drinking  watar,  raapactivaly »  for  a  pariod  of  12  aontha.  Tha 
intoraadiata  point  rapraaanta  tha  tuaor  yiald  obtainad  whan  2  g/L  of 
aach  coapound  waa  adainiatarad  for  9  aontha  and  tha  aniaala  placad  on 
diatillad  watar  for  tha  raaaining  3  aontha.  Nuaarical  data  ia  tha  aaaa 
*  aa  that  providad  in  Tabla  7. 

I 

I 
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Diehl oroacstic  Acid  and  Trichloroacatic  Acid  Induced  DNA  Strand 
Breaks  Occur  Before  Peroxiaooe  Proliferation.  M.A.  Nelson,  A.J. 
Lansing,  R.J.  Bull,  and  *D.L.  Springer  (1988).  Toxicol.  AppI. 
Pharmacol.  00.  000-000.  This  study  examined  whether  the 
induction  of  single  strand  breaks  in  hepatic  DNA  by 
dichloroacetic  acid  (DCA)  and  trichloroacetic  acid  (TCA)  depends 
upon  peroxisome  proliferation.  Male  B6C3F1  mice  were  given  a 
single  oral  dose  of  either  DCA  or  TCA.  At  varing  times,  between 
1  and  24  hr,  after  administration  of  the  compounds  breaks  in  DNA 
were  measured  using  an  alkaline  unwinding  assay.  Peroxisome 
proliferation  was  monitored  at  the  same  time  intervals  in  a 
parallel  experiment  by  measuring  peroxisomal  B-oxidation  of 
[^^C]palmitoyl-CoA  in  liver  homogenates.  Both  DCA  and  TCA 
significantly  increased  brealcs  in  DNA  at  1,  2,  and  4  hr  post¬ 
treatment,  with  a  return  to  control  levels  after  8  hr.  No 
evidence  for  an  increase  in  peroxisomal  B-oxidation  was  produced 
by  either  chemical  up  to  24  hr  after  administration.  In  a 
separate  experiment,  mice  were  treated  with  DCA  or  TCA  for  10 
days  and  their  livers  examined  for  evidence  of  peroxisome 
proliferation.  An  increase  in  liver  weight  was  observed, 
particularly  with  DCA.  Both  TCA  and  DCA  increased  peroxisomal  B- 
oxidation  in  liver  homogenates,  with  TCA-treated  animals  showing 
more  activity  than  those  treated  with  DCA.  Electron  microscopy 
revealed  that  the  number  of  peroxisomes  were  approximately  the 
same  in  DCA-  and  TCA-treated  animals.  However,  peroxisomes 
induced  by  DCA  treatment  frequently  lacked  nucleoid  cores.  These 
data  indicate  that  peroxisomes  induced  by  these  compounds  differ 
in  their  concentration  of  peroxisomal  enzymes.  Except  for  a 
slight  hypertrophy,  repeated  doses  of  TCA  doesn't  produce 
significant  degenerative  changes  in  the  liver  of  mice.  Repeated 
doses  of  DCA  produce  multifocal,  subcapsular  necrotic  regions'. 

DCA  also  caused  a  marked  hypertrophic  response. 


Dichloroacetic  acid  (DCA)  and  trichloroacetic  acid  (TCA)  are 
major  nonvolatile  chlorinated  by-products  formed  during  the 
chlorination  of  water  containing  organic  material  (Johnson  at 
al.,  1982;  Coleman  et  al.,  1984;  Miller  and  Uden,  1983).  These 
compounds  are  also  metabolites  of  a  number  of  chlorinated 
hydrocarbons  (Hathway,  1980;  Costa  and  Ivanetich,  1980;  Yllner, 
1971) .  Recently,  DCA  and  TCA  have  been  sho%m  to  increase  the 
incidence  of  hepatocellular  carcinoma  and  adenomas  in  male  B6C3F1 
mice  (Herren-Freund  et  al.,  1987). 
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Th«  BechanisB  by  which  these  coepounds  induce  neoplasia 
renains  to  be  established.  Although  DCA  and  TCA  are  not 
mutagenic  in  the  Salmonella/microsome  assay  (HasAel,  1978;  Rapson 
et  al.,  1980;  Crabb  et  al.,  1981),  they  do  produce  single  strand 
breaks  (SSBs)  in  hepatic  DNA  In  vivo  (Nelson  and  Bull,  1988). 
These  compounds  also  Induce  hepatic  peroxisome  proliferation 
(Elcombe,  1965;  OeAngelo  et  al.,  1986;  Goldsworthy  and  Popp, 

1987) .  Hepatic  peroxisome  proliferation  is  thought  to  cause 
cancer  by  producing  imbalanced  increases  in  catalase  and 
peroxisomal  oxidases,  resulting  in  increased  steady-state 
concentration  of  intracellular  H2O2  (Reddy  and  Lalwani,  1983). 
Increased  levels  of  H2O2  #  or  other  reactive  oxygen  species  (i.e. 
OH*,  0*2#  or  lipid  peroxides)  may  lead  to  SSBs  in  DNA  and 
eventually  result  in  neoplasia.  H2O2  and  OH*  are  known  to  be 
mutagenic  and  cause  strand  breaks  in  DNA  In  vitro  (Moody  and 
Hassen,  1982;  Fahl  et  al.,  1984;  Lesko  et  al.,  1980).  In  the 
present  study,  we  have  investigated  whether  or  not  SSB  induced  in 
hepatic  DNA  of  mice  by  DCA  or  TCA  are  secondary  to  the 
proliferation  of  peroxisomes.  We  also  present  data  on  the  extent 
of  peroxisome  proliferation  and  discuss  histopathology  associated 
with  repeated  doses  of  DCA  or  TCA. 

METHODS 

Chemicals.  [l-^^C]palnitoyl-CoA  was  purchased  from  New 
England  Nuclear  Products  (Boston,  MA) ;  clofibrate,  dichloroacetic 
acid  (DCA)  and  tricholoroacetic  acid  (TCA)  were  purchased  from 
Sigma  Chemical  Co.  (St.  Louis,  MO).  The  purity  of  DCA  and  TCA 
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was  99*f%  as  aeasured  ley  gas  chromatographic  msthods  described  by 
Prout  at  al.,  (1985). 

Animals.  Male  B6C3F1  mice  (Simonsen  Laboratories  Inc., 
Gilroy,  CA.)  weighing  25>30  g  were  housed  in  temperature 
controlled  rooms  with  a  12  hr  light/darlc  cycle  and  provided  with 
food  (Purina  Laboratory  Rodent  Chow,  Ralston-Purina  Co.,  St. 
Louis,  MO.)  and  water  Ad  libitum. 

Experiment  1.  Animals  were  gavaged  (0.1  ml/g  body  weight) 
with  a  single  dose  of  DCA  (3.9  mmol/)cg)  or  TCA  (3.1  mmol/kg) 
dissolved  in  1%  aqueous  Tween  80.  Controls  received  an 
appropriate  volume  of  1%  Tween  80  alone.  Animals  were  killed  by 
cervical  dislocation  1,  2,  4,  8,  and  24  hr  after  administration 
of  the  compounds  and  the  livers  removed.  Single  strand  breaks  in 
hepatic  DMA  were  determined  using  an  alkaline  unwinding  assay 
(Morris  and  Shertzer,  1985) .  The  fraction  of  DMA  unwound  was 
calculated  as: 

[Total  DMA  -  DS  DMA] 2  -  [  Total  DMA  -  DS  DMA]o 
[Total  DMA]  [  Total  DMA  ] 

where  the  subscript  indicates  the  amount  of  single-stranded  DMA 
at  time  "0"  and  "2  hr"  in  alkaline  solution. 

Experiment  2.  Mice  were  treated  with  a  single  oral  dose  of 
DCA  (3.9  mmol/kg),  TCA  (3.1  mmol/kg),  or  vehicle  control  as  in 
Experiment  #1.  Peroxisome  proliferation  was  determined  by 
measuring  palmitoyl-CoA  oxidation  (PCD)  in  liver  homogenates 
prepared  from  animals  killed  at  the  same  time  intervals  described 
above.  At  appropriate  times,  the  animals  were  killed,  the  livers 
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r«aov«d,  frozen  in  liquid  nitrogen,  and  stored  at  >70  until 
assayed.  Livers  were  thawed,  weighed,  and  homogenized  in  10 
volumes  of  ice-cold  0.25  M  sucrose  using  a  Brinkmann  Polytron 
Homogenizer.  The  ability  of  the  homogenates  to  oxidize 
palmitoyl-CoA  was  measured  using  a  radioisotopic  method  described 
by  Lazarow  (1981) .  This  assay  measures  the  extent  of  peroxisomal 
B-oxidation  of  fatty  acids  by  following  the  conversion  of  acid 
insoluble  [^^C]palmitoyl-CoA  to  acid  soluble  [ C) acetyl -CoA. 

The  lack  of  carnitine,  the  addition  of  Triton  x-100  to  the 
reaction  mixture,  and  freeze/thawing  make  this  assay  peroxisomal 
dependent.  Enzyme  activity  is. expressed  as  umols/min/g  liver. 

Experiment  3.  Animals  were  given  DCA  (3.9  nmol/kg),  TCA 
(3.1  mmo.l/kg) ,  or  vehicle  by  gavage  daily  for  10  consecutive 
days.  Clofibrate,  at  doses  of  250  mg/kg/day,  was  included  in 
this  experiment  as  a  positive  control.  Twenty-four  hours  after 
the  last  dose  the  animals  were  killed  and  tlie  livers  excised  and 
weighed.  The  left  lateral  lobe  was  used  for  light  and  electron 
microscopic  studies,  and  the  remaining  liver  was  used  for 
palmitoyl-CoA  oxidation  (PCO)  determinations,  as  described  above. 

Electron  microscopy.  Tissue  for  electron  microscopy  was 
fixed  in  2.5%  glutaraldehyde  in  100  mM  phosphate  buffer,  pH  7.2 
for  18  hr  at  4^C.  Following  dehydration  through  an  acetone 
series  and  embedment  in  Spurr's  resin  (Epurr,  1960),  60  nm 
sections  of  liver  were  cut  with  glass  Icnives,  and  stained  with 
uranyl  acetate  and  lead  citrate.  From  two  animals  from  each 
vehicle,  DCA,  and  TCA  treatments,  six  micrographic  fields  of  184 


um^  each,  were  randomly  chosen  and  recorded  from  an  total  area  of 
10^  um^.  The  number  of  peroxisomes  profiles  present  In  each 
sample  field  were  recorded  for  each  animal. 

Light  microscopy.  Portions  of  liver  tissue  were  fixed  in 
10%  neutral  buffered  formalin  and  embedded  in  paraffin.  Sections 
(6  urn  thick)  were  cut  and  stained  with  both  hematoxylin  and  eosin 
and  periodic  acld/Schlff 's  reagent  (Humason,  1967). 

Statistical  Analysis.  To  simplify  construction  of  Figure  1, 
data  from  all  control  groups  were  combined  and  expressed  as  a 
single  mean  ±  SE  for  each  time  point.  However,  statistical 
comparisons  were  made  only  with  concurrently  run  controls  and 
treatments  using  Student's  t  test.  Rates  of  peroxisome 
palmitoyl-CoA  oxidation  from  single  oral  dose  experiments  was 
also  analyzed  using  Student's  t  test. 

Palmitoyl-CoA  oxidation  data  and  liver  weight  data  from  the 
repeated  dose  experiment  were  analyzed  by  analysis  of  variance 
(ANOVA)  with  Duncan's  Hew  Hultiple  Range  test  for  mean 
separation. 

For  morphometry,  the  electron  micrographs  taken  from  each 
animal  were  treated  as  subsamples  and  statistical  comparisons 
conducted  using  ANOVA  and  Duncan's  New  Multiple  Range  test  (Steel 
and  Torrle,  1980) .  In  both  the  ANOVA  and  t  test,  a  P  value  < 

0.05  was  considered  significant. 

RESULTS 

eoursA  at  tiim  induction  of  heoatic  IMA  etrand  breaks  In 


vivo.  Both  DCA  and  TCA  significantly  increased  the  rate  of 


alkalin«  unwinding  of  hepatic  DNA  at  1,  2,  and  4  hr  after 
adninietration.  The  rate  returned  to  the  range  observed  with 
control  animals  8  hr  after  exposure  (Fig  1) .  These  data 
deomostrate  that  the  induction  of  SSB  by  DCA  or  TCA  was  maximal 
at  1  hr  and  that  the  majority  of  breaks  were  repaired 
within  8  hr. 

Time  course  of  hepatic  oalmltovl-CoA  oxidation.  No 
evidence  of  increased  peroxisomal  PCO  activity  was  observed 
within  24  hr  with  either  DCA  or  TCA  (Table  1) . 

Hepatic  peroxisomal  proliferation  after  repeated  doses  of 
DCA  or  TCA.  Repeated  doses  of  either  DCA  or  TCA  had  no  effect 
upon  the  body  weight  gain  of  the  animals  relative  to  vehicle 
control  animals  (data  not  shown) .  Both  compounds  significantly 
increased  liver  weight  as  well  as  the  liver  to  body  weight  ratio 
(Table  2).  DCA  treatment  caused  a  substantially  greater  Increase 
in  both  the  absolute  and  relative  liver  weights  than  TCA. 

The  repeated  dosing  of  DCA  and  TCA  did  induce  peroxisomal 
synthesis  as  measured  by  the  PCO  activity  of  liver  homogenates 
(Table  3) .  The  TCA- Induced  PCO  activity  was  significantly  higher 
than  that  seen  following  DCA  administration.  Neither  treatment 
increased  PCO  activity  to  the  extent  observed  with  clofibrate. 

Counts  of  peroxisome  profiles  were  significantly  higher  in 
DCA-  and  TCA-treated  livers  than  in  control  livers  (Table  3) . 
There  were  no  discernible  difference  in  the  peroxisome  counts 
between  animals  treated  with  either  DCA  or  TCA.  Peroxisomes  in 
DCA-treated  livers  generally  lacked  the  pronounced  nucleoid  core 
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that  was  usually  observed  in  peroxisomes  from  tissue  taken  TCA- 
treated  and  control  animals. 

Light  microscopy.  There  was  no  evidence  of  gross 
hepatotoxicity  in  vehicle-  and  TCA-treated  mice.  Periodic  acid- 
Schiff's  reagent  (PAS)  produced  approximately  the  same  intensity 
of  staining.  Amylase  digestion  revealed  that  the  vast  majority 
of  PAS -positive  material  was  glycogen. 

Hematoxylin-  and  eosin-stained  liver  sections  from  control 
and  TCA-treated  animals  showed  no  abnormalities,  in  both 
treatment  groups  the  architecture  and  tissue  pattern  of  the  liver 
was  Intact.  The  hepatocytes  from  TCA-treated  mice  were  slightly 
larger  than  hepatocytes  from  control  animals.  This  slight 
hypertrophy  could  be  seen  throughout  the  liver  section. 

The  histopathology  seen  after  repeated  doses  of  DCA  was 
markedly  different  than  that  observed  with  either  vehicle  or  TCA 
treatments.  The  most  pronounced  change  was  in  the  size  of  the 
hepatocytes.  DCA  produced  a  marked  cellular  hypertrophy 
uniformly  throughout  the  liver  sections.  The  hepatocytes  were 
approximately  1.4X  larger  in  diameter  than  control  liver  cells. 
This  hypertrophy  was  accompanied  by  an  Increase  in  PAS  staining; 
indicating  greater  glycogen  deposition  than  in  TCA-treated  and 
control  liver  tissue. 

Multiple  white  streaks  were  grossly  visible  on  the  surface 
of  liver  of  DCA-treated  mice.  The  white  areas  corresponded  with 
subcapsular  foci  of  coagulative  necrosis.  These  localized 
necrotic  areas  were  not  encapsulated  and  varied  in  size.  The 
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largest  necrotic  foci  occupied  the  area  of  a  single  lobule. 

These  necrotic  areas  shoved  a  change  in  staining  characteristics. 
Often  this  change  consisted  of  increased  eosinophil la  and 
decreased  PAS  staining  of  the  hepatocytes.  A  slight  inflannatory 
response,  characterized  by  heterophil  infiltration,  was  present. 
These  changes  were  evident  in  all  DCA-treated  nice. 

DISCUSSION 

The  present  study  confiras  our  previous  observation  that  DCA 
and  TCA  can  induce  SSB  in  hepatic  DNA  In  vivo  (Nelson  and  Bull, 
1988) .  We  further  demonstrate  that  SSB  are  rapidly  induced  by 
these  conpounds,  with  significant  levels  apparent  within  1  hr 
after  dosing.  Repair  of  SSB  also  proceeds  rapidly,  with  a  return 
to  control  levels  within  8  hr  after  dosing. 

within  the  first  24  hr  after  dosing  neither  DCA  or  TCA 
increased  PCO  activity  in  nouse  liver.  These  results  denonstrate 
that  induction  of  SSB  by  these  compounds  occurs  too  early  to  be 
accounted  for  by  increased  peroxisomal  fatty  acid  oxidation. 

This  study  confirms  the  observations  of  Elcombe  (1985)  and 
Goldsworthy  and  Popp  (1987)  that  TCA  induces  synthesis  of  hepatic 
peroxisomes  in  rats  and  in  mice.  In  addition,  we  found  that  DCA 
induces  hepatic  peroxisomes  in  mice  consistent  with  the 
preliminary  observations  of  DeAngelo  et  al.  '1986).  Our 
morphometric  data  Indicate  that  DCA  and  TCA  cause  approximately 
equivalent  increases  in  the  number  of  peroxisomes.  Assays  of  PCO 
activity  indicate  that  these  peroxisomes  differ  in  their  ability 
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to  Botabolize  palaitoyl-CoA.  OCA-treatad  Bousa  livers  frequently 
lacked  a  visible  nucleoid  core,  a  structure  thought  to  contain 
high  concentrations  of  the  peroxisosal  B-oxidation  enzyBes 
(Rothaan,  1983) . 

The  adBlnlstration  of  repeated  doses  of  DCA  or  TCA  Increased 
liver  weights  and  liver  to  body  weight  ratios  in  Bice.  SiBilar 
findings  have  been  reported  by  Goldsworthy  and  Popp  (1987)  with 
TCA  and  by  Herren-Freund  et  al.  (1987)  in  a  chronic  study  with 
DCA  and  TCA.  The  narked  cellular  hypertrophy  seen  with  DCA 
appears  to  account  for  the  much  greater  liver  size  increase 
observed  in  DCA-  versus  TCA-  treated  Bice. 

Henatoxylln  and  eosin  and  PAS  staining  showed  no  detectable 
differences  between  livers  of  vehicle-  and  TCA-treated  Bice. 
However  in  DCA  treated  Bouse  livers,  an  increase  in  glycogen 
concentration  was  apparent.  FurtherBore,  DCA  produced  a 
noticeable  ceTlular  hypertrophy  and  Bultifocal,  subcapsular 
necrotic  areas.  The  extent  to  which  these  add! tonal  activities 
of  DCA  influence  the  carcinogenic  response  is  currently  under 
study. 

In  suBBary,  the  tlBe  course  of  Induction  of  SSB  in  hepatic 
DNA  by  TCA  or  DCA  occurs  Buch  too  rapidly  to  be  accounted  for  by 
increases  in  PCO  activity,  indicating  that  peroxlsoBe 
proliferation  cannot  account  for  DCA-  and  TCA-induced  breaks. 
Therefore,  the  BechanlsB  by  which  DCA  and  TCA  produce  SSB  in 
hepatic  DMA  reBains  to  be  established. 

Repeated  doses  of  both  DCA  and  TCA  do  increase  peroxlsoBal 


10 


numbers  as  well  as  PCO  activity  relative  to  controls. 

Peroxisomes  induced  by  DCA  generally  lack  a  nucleoid  core  and 
are  associated  with  smaller  increases  in  hepatic  PCO  activity. 

These  differences  indicate  that  the  enzymes  involved  in  B- 
oxidation  are  smaller  in  peroxisomes  of  DCA>treated  mice  relative 
to  those  of  TCA-treated  mice. 
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Fig.  1.  Time  course  for  dichloroacetic  acid  (DCA)  and 
trichloroacetic  acid  (TCA)  induced  single  strand  breaks  in 
hepatic  ONA  in  vivo«  Mice  vere  given  a  single  oral  dose  of 
either  DCA  (3.9  nmol/kg)  or  TCA  (3.1  nmol/kg) .  Controls  received 
an  equivalent  volume  of  1%  aqueous  Tween  80  vehicle.  At  the 
indicated  time  points,  animals  were  killed  and  SSB  determined. 

For  simplicity,  control  animals  were  combined  at  a  given  time 
point  (n**9) .  Each  experimental  point  represents  the  mean  of  at 
least  6  animals  ±  SE.  ^Different  from  concurrent  control,  p  < 
0.05,  by  Student's  t  test. 


Fig*  i*  Tiae  course  for  dichloroacetic  acid  (DCA)  and 
trichloroacetic  acid  (TCA)  induced  single  strand  breaks  in 
hepatic  DNA  In  vivo.  Mice  were  given  a  single  oral  dose  of 
either  DCA  (3.9  unol/Xg)  or  TCA  (3.1  anol/kg) .  Controls  received 
an  equivalent  volume  of  1%  aqueous  Tween  80  vehicle.  At  the 
indicated  tine  points,  animals  were  killed  and  SSB  determined. 

For  simplicity,  control  animals  were  combined  at  a  given  time 
point  (n**9} .  Each  experimental  point  represents  the  mean  of  at 
least  6  animals  ±  SE.  ^Different  from  concurrent  control,  p  < 
0.05,  by  Student's  t  test. 
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TABLE  3 


EFFECTS  OF  REPEATED  ORAL  DOSES  DICHLOROACETIC  ACID  (DCA)  AND 
TRICHLOROACETIC  ACID  (TCA)  ON  HEPATIC  PEROXISOME  INDUCTION 

IN  B6C3F1  MICE* 


Tr«atattnt  Palaitoyl-CoA  oxidation  Paroxisomas/unit  araa 


Twaan 

0.63 

+ 

■ 

O 

• 

o 

O' 

1 

9.8  ±  1.2® 

DCA 

1.03 

+ 

0.09^ 

25.4  ±  2.9^ 

TCA 

1.70 

+ 

0 .  oe^^® 

23.6  ±  1.3<i 

Clofibrata 

3.26 

+ 

0.05<^®^ 

- g 

*Mala  mica  wara  administared  DCA  (3.9  mmol/kg)  or  TCA  by  gavage 
for  10  conaacutiva  days.  Controls  racaivad  an  aquivalant  volume 
of  1%  aguaous  Twaan  80  vahicla..  Twanty  four  hours  aftar  tha  last 
dosa,  animals  wara  killad  and  palmitoyl-CoA  oxidation  maasurad  in 
livar  homoganatas. 

^aan  value  expressed  umols/min/g  livar  ±  SE  of  6  animals. 

^Livar  tissue  from  2  animals  par  treatment  group  was  processed 
for  electron  microscopy.  Morphometry  was  performed  on  6  randomly 
selected  photomicrographs  from  each  animal  from  a  total  araa  of 
10^  um2. 

^Different  from  Twaan  control,  p  <  0.05,  by  ANOVA  and  Duncan's 
new  multiple  range  test. 

^Different  from  DCA,  p  <  0.05,  by  ANOVA  and  Duncan's  multiple 
range  test. 

*Diffarant  from  TCA,  p  <  0.05,  by  ANOVA  and  Duncan's  multiple 
range  test. 

^Not  determined 
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TABLE  2 


EFFECTS  OF  REPEATED  ORAL  DOSES  OF  DICHLOROACETIC  ACID  (DCA)  AND 
TRICHLOROACETIC  ACID  (TCA)  ON  BODY  AND  LIVER  HEIGHTS  OF  B6C3F1 

MICE* 


Treataant  N  Livar  %rt^  Livar  wt/Body  vt^ 

(g)  Ratio  (%) 


Twaan  6  1.3  ±  0.05  4.9  ±  0.14 

DCA  6  2.1  ±  0.10®  7.5  ±  0.18® 

TCA  6  1.7  +  0.09®<*  5.7  +  0.14®<i 


*Mala  nlca  wara  admlnlsterad  DCA  (3.9  nmol/kg)  or  TCA  (3.1 
naol/kg)  by  gavaga  for  10  consacutiva  days.  Controls  racaivad  an 
aq[uivaiant  volime  of  1%  aguaous  Twaan  80  vahicla. 

^aan  +  SE  of  N  anlnals 

®Dlffarant  from  Twaan  control,  p  <  0.05,  by  ANOVA  and  Duncan's 
multlpla  ranga  tast. 

^Dlffarant  from  DCA,  p  <  0.05,  by  ANOVA  and  Duncan's  multiple 
ranga  tast. 
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TABLE  1 

EFFECTS  OF  A  SINGLE  ORAL  DOSE  OF  DICHLOROACETIC  ACID  (DCA)  OR 
TRICHLOROACETIC  ACID  (TCA)  ON  HEPATIC  PAUfITOYL-CoA  OXIDATION 

ACTIVITY  OF  MALE  B6C3F1  MICE* 


Sacrifice 
Time  (hr) 

N 

Control 

N 

Treated 

DCA  EXPERIMENT 

1 

6 

0.78  +  0.11*>C 

6 

0.68 

+ 

O.OO*’® 

2 

6 

0.79  ±  0.25 

6 

0.79 

+ 

0.18 

4 

6 

0.82  ±  0.22 

6 

0.50 

+ 

0.04 

8 

6 

1.04  ±  0.28 

6 

0.94 

+ 

0.14 

24 

6 

0.77  ±  0.21 

6 

0.67 

+ 

0.19 

TCA  EXPERIMENT 

1 

6 

0.74  ±  0.12*>® 

6 

0.72 

+ 

0.12^C 

2 

6 

0.51  ±  0.07 

6 

0.44 

+ 

0.07 

4 

6 

0.61  ±  0.05 

6 

0,51 

± 

0.05 

8 

6 

0.38  ±  0.07 

6 

0.44 

± 

0.02 

24 

6 

0.73  ±  0.08 

6 

0.72 

± 

0.08 

*Mic«  var«  given  a  single  oral  dose  of  3.9  anol/Xg  DCA  or  3 .  l 
nmol/kg  TCA.  Control  animals  received  1%  aqueous  Tween  80 
vehicle.  At  the  Indicated  tine  points  aninals  were  killed  and 
palnitoyl-CoA  oxidation  determined  in  liver  homogenates. 

^ean  values  expressed  as  umols/nin/g  liver  ±  SE  of  N  animals. 

•  ^No  differences  found,  p  <  0.05,  by  Student's  t  test. 


